The optimal protocol for combining high dose rate brachytherapy and external beam irradiation as treatment for localized prostate cancer is unknown. Toxicity rates and clinical and biochemical outcomes should be evaluated to validate the current treatment protocol. Methods: Fifty-eight patients were treated for prostate cancer with high dose rate brachytherapy followed by 30 Gy of external beam radiation therapy. Toxicity during treatment and for 12-18 months thereafter, and treatment-related morbidity, were evaluated. Physician-assessed treatment-related toxicity was graded at the time of occurrence using the Radiation Therapy Oncology Group morbidity criteria. Four separate self-administered questionnaires were used to collect longitudinally demographic data and general and prostate disease-related measures of quality of life. Results: Various degrees of rectal bleeding due to radiation proctitis were experienced by 13 patients (22%) at a median time of 11 months. Two of these patients needed hospitalization to undergo laser coagulation of the rectal mucosa. Study patients had statistically significant decreases in five SF-36 domains during the first month of treatment. All measures recovered by 12 months. Sexual function was not affected by irradiation. Lower urinary tract symptoms assessed by IPSS/QOL scores worsened significantly during the first month of treatment but later recovered to baseline levels. Physician-assessed RTOG scores failed to detect these changes. Conclusions: Morbidity associated with combined radiation therapy was greatest during the first month of treatment and affected quality of life significantly. Most measures recovered to baseline levels by 12 months following radiation therapy. Although the current protocol appears acceptable, measures should be taken to decrease treatment-related morbidity further.
INTRODUCTION
Afterloading brachytherapy is the sole modality of interstitial radiotherapy currently available in Japan for treating prostate cancer. This technique has several advantages over permanent seed implantation, including absence of radiation protection and safety issues for the patient and his immediate family. Exposure of the treating personnel is also significantly reduced. Furthermore, dosimetry can be based on images with the needles in situ, making it easy to optimize the dose.
Utilizing the linear-quadratic equation, the α/β ratio has been used to calculate putative biological equivalent doses in interstitial radiotherapy. It has recently been suggested that the α/β ratio for prostate cancer is much lower than that for other common tumors, in the range 1.2-2.5 (1) (2) (3) . This implies an increased sensitivity of the tumor to large doses per fraction, such as that delivered with high dose rate (HDR) brachytherapy. Whether this hypofractionation regimen will truly result in improved clinical and biochemical control with acceptable toxicity rates remains to be seen. This paper reports a prospective investigation, in consecutive patients who underwent combined HDR brachytherapy and external beam radiation therapy, of toxicity over a 12-18-month period following initiation of treatment and of its impact on health-related quality of life. To our knowledge, this is the first such study in Japan.
MATERIALS AND METHODS

PATIENTS' CHARACTERISTICS
From June 1999 through January 2001, 58 patients, aged 49-82 years (mean 69.8, median 69.5 years), were treated for prostate cancer with HDR brachytherapy followed by 30 Gy external beam radiation therapy. Clinical characteristics at presentation are summarized in Table 1 . Clinical stage at the time of diagnosis was determined in accordance with the 1992 unified tumor node metastasis (TNM) system (4) . For the five patients who were already under endocrine therapy at the time of referral, clinical stage in the original reports by the local urologist was utilized.
All histology slides were examined and reviewed by a single pathologist (S.K.) and tumor grade was assigned based on the Gleason grading system. Prostate-specific antigen (PSA) levels at diagnosis were measured at various laboratories using various techniques. These include Dainapack AxSYM PSA assay (Dinabot, Tokyo), Delfia PSA assay (Pharmacia and Upjohn, Tokyo) and Lumipulse PSA assay (Fujirebio, Tokyo). Results of these assays were not inter-converted, since they are considered virtually identical.
Patients were considered candidates for combination radiotherapy if they presented with clinically organ-confined or locally advanced prostate cancer but without distant metastasis (T1N0M0-T3N0M0). Prior to June 2000, patients in the highrisk group (PSA >20.0 ng/ml, biopsy Gleason score ≥8, ≥T2c) might, at the discretion of the local urologist or attending physician, be given 3 months of neoadjuvant endocrine therapy prior to irradiation; nine patients were in this group. The 15 high-risk patients since that date were prospectively enrolled into a study of 6 months' neoadjuvant endocrine therapy followed by 3 years of adjuvant endocrine therapy following radiation therapy (5) . Combined androgen blockade was used in 13 patients and luteinizing hormone-releasing hormone agonist alone in 12 patients.
Two patients who fell outside the usual entry criteria were treated. One with T4N0M0 at presentation was given radiation therapy after complete suppression of PSA by prolonged (15 months) endocrine therapy. Another was found by computed tomography (CT) scanning immediately before the scheduled treatment to have a metastasis in the obturator lymph node and was therefore reclassified as T3cN1M0, but nevertheless elected to undergo radiotherapy.
All patients were seen once every month for the first 3 months after completion of radiation therapy, quarterly for the first year and semiannually thereafter. Each follow-up visit required history, physical examination, serum PSA and recovery of self-administered questionnaires. The recommendations of the consensus panel of the American Society for Therapeutic Radiology and Oncology were followed for assessing biochemical failure (6) . Bone scanning was repeated every year and ultrasound-guided biopsy of the prostate was recommended at 24 months. The mean follow-up period for the 58 patients was 10.0 months after completion of radiation therapy (range 1.0-20.0, median 11.0 months). That for 25 patients under endocrine manipulation was 14.9 months from the initiation of androgen ablation (range 7.0-23.5, median 13.0 months).
PROCEDURE OF HDR BRACHYTHERAPY AND EXTERNAL BEAM RADIATION THERAPY
The complete details of the procedure have been described by others elsewhere (7) . Briefly, patients in the operating room were placed in a lithotomy position under epidural anesthesia and the prostate volume was sonographically defined. Prostate volume was determined as prostate length × width × height × (π/6). Treatment was initiated using closed transperineal hollow needle placement under transrectal ultrasound guidance. Multiple 20-25 cm long, closed-end, 15G plastic hollow needles were inserted transperineally using a Syed-Neblett plastic template (Alpha-Omega Services, Bellflower, CA) (7). Usually 18 needles were implanted. The needle tips were left within the urinary bladder 1-2 cm above the sonographically defined base of the prostate. Metallic marker seeds were placed transperineally into the base and apex. Flexible cystoscopy was conducted to ensure that the urethra had not been penetrated by the implanted tubes.
Immediately following the implant, anterior/posterior and lateral pelvic radiographs were taken and a spiral CT scan was done. The contours of the planning target volume (PTV), defined as the whole prostate gland and the critical tissues were identified on all CT slices. Digitized representations were sent to the PLATO BPS planning workstation (Nucletron, Veenendaal, The Netherlands) for optimization. On the PTV surface, equidistant dose points were generated in order to calculate the mean dose value. The active dwell positions were ascertained, with careful attention to ensure that all of them lay within the PTV. 3D dose optimization could then produce a homogeneous dose distribution.
Reference points were generated at a distance of 0.5 cm from the dwell positions around the dorsal aspects of the prostatic gland. The reference dose was defined as the 100% value. The whole prostate and any tumor extension beyond the capsule were irradiated five times over 3 days using an HDR iridium-192 source with a nominal activity of 370 GBq (microSelectron-HDR, Veenendaal, The Netherlands). Each single dose was 4 Gy during the period June 1999 through August 2000 and was 5 Gy during the period September 2000 through January 2001. Although our software does not allow us to measure doses to specific areas precisely, the radiation doses to the urethra, neurovascular bundles and prostatic capsules are roughly estimated from the dosimetry information to be 8-9, 6.5-7 and 7 Gy per time with the current protocol, respectively.
Three days after the last HDR brachytherapy fraction, external beam radiation therapy (EBRT) was started (10 MV, MEVATRON, Siemens, Munich, Germany). A twodimensional conventional technique was used until April 2000. Beginning in May 2000, a CT-based conformal 3D dose plan was created for each patient. The PTV was defined as the prostate gland plus the seminal vesicle with a surrounding margin of 0.5 cm. External beam irradiation was given using a fractionation of five times 3.0 Gy per week, specified at the isocenter, for 2 weeks. Thus, the total EBRT dose was 30.0 Gy.
EVALUATION OF HEALTH-RELATED QUALITY OF LIFE RELATED TO TOXICITIES
Physician assessment and grading of treatment-related toxicity that lasted for 1 month or longer following completion of radiation therapy was carried out at the time of occurrence by one of us (S.E.) using the Radiation Therapy Oncology Group (RTOG) morbidity criteria (8) . Late complications were defined as those that occurred 3 or more months after the end of treatment. Acute toxicity occurred during treatment.
Four separate questionnaires were used to acquire demographic data and general and prostate disease-targeted measures of quality of life. General health-related quality of life was measured sequentially prior to and following radiation therapy using the Japanese version of the RAND 36-Item Health Survey (SF-36, version 1.2), a self-administered 36-item questionnaire that includes eight multi-item scales (9) . These scales comprise four physical domains (physical function, role limitations due to physical health problems, bodily pain and general health perceptions) and four mental domains (emotional wellbeing, role limitations due to emotional problems, energy fatigue and social function). Part of the Japanese version of the EORTC questionnaire was also used to assess quality of life issues in these patients (10, 11) , including domains of diseaserelated conditions [seven items, Nos 9-12, 15-17 in the original questionnaire (11) ] and global sexual function [three items, Nos 24-26 in the original questionnaire (11)]. Five additional queries (shown in Fig. 1 ) were added to ask about gastrointestinal and genitourinary conditions. Answers to these questions were categorized by the same format. Each area is composed of the sum of several weighted items, giving scores of 28, 12 and 20, respectively. The higher the score, the higher is the level of symptomatology or problems.
Patient mood during the first 7 days from the beginning of HDR brachytherapy was assessed using the Japanese language validated face scale (12, 13) . This is a brief, pictorial scale of mood, which uses a sequence of six faces; scores range from 0 to 5, with higher scores representing a higher level of symptomatology or problems. Only the highest score of the day was recorded for the purpose of analysis. International Prostate Symptom Score (IPSS) and QOL score were also assessed at the same time, giving total scores of 35 and 6, respectively (14) . Again, higher scores represent a higher level of symptomatology or problems. Data are presented as the mean (± standard deviation) scores for all patients completing surveys at each time point. Hence the values represent longitudinal time trends in the groups and not in any individual.
STATISTICAL ANALYSIS
A Wilcoxon signed rank test was performed to assess differences between scores at each time point; p values <0.05 were considered significant. 
RESULTS
PHYSICIAN-ASSESSED TOXICITIES
Treatment-related toxicities are listed in Table 2 according to the types of radiation and applied doses. Some degree of rectal bleeding (a few drops to a handful) was noted at least once in 13 patients (22%) at a median of 11 months (range, 5-19 months). Eleven of these were scored as having grade 1-2 toxicity. Two patients underwent laser cauterization once (grade 3). The remaining patients were followed conservatively and the rectal bleeding subsided spontaneously. All these events were seen in our earlier phase of experience with conventional external beam radiation therapy. Diarrhea was more common during the first month after irradiation. Acute retention and aggravation of lower urinary tract symptoms were noted in 10 patients (17%). One patient developed neurogenic disorders of the rectum and urinary bladder together with peripheral neuropathy of the lower extremities noted during the second day of the HDR. Chronic retention and fecal incontinence followed by severe constipation lasted for almost 12 months, but symptoms gradually resolved thereafter. Although the etiology is unknown, this event was classified as RTOG grade 3. However, there were no obvious changes with time in either genitourinary or gastrointestinal RTOG scores (Table 3) .
PATIENT-ASSESSED MORBIDITIES
Patient mood as judged by face scales improved significantly immediately after the removal of HDR needles at day 3 (p = 0.01, Table 4 ). Univariate analysis of time trends revealed that during the first month patients had a statistically significant decrease in five SF-36 domains, including role limitations due to physical health problems, bodily pain, role limitations due to emotional problems, energy fatigue and social function (Table  5) . Most returned to normal by 3 months and all recovered by 12 months. The number of patients at 18 months was too small to allow statistical analysis. All selected domains in the Japanese version of the EORTC questionnaire, except for sexual function, showed the same trend (Table 6 ). Irradiation had no effect on items in the sexual function domain as a whole.
Patients not undergoing neoadjuvant endocrine therapy had slightly better sexual function prior to irradiation than did those who had such therapy (median scores 8.0 versus 10.0, p = 0.01). This difference, however, did not persist following irradiation (p > 0.05, data not shown). Lower urinary tract symptoms assessed by IPSS/QOL scores worsened significantly during the first month of radiation therapy and recovered to baseline levels at all later times (Table 7 , p < 0.05). Post XRT 18 M 6 8.7 ± 1.0 (7-10) 6 NS 8.3 ± 3.1 (3-12) NS 6 7.8 ± 1.8 (6-11) NS Table 7 . Changes in I-PSS/QOL indices in patients who underwent HDR brachytherapy followed by external beam radiation therapy XRT, radiotherapy; M, month; SD, standard deviation; NS, not significant. 
DISCUSSION
Brachytherapy is a technique for the delivery of a high radiation dose to a well-defined volume with high precision and with dose to the surrounding organs decreasing rapidly with distance. The distribution of the radiation dose is relatively inhomogeneous, however. On the other hand, in external beam radiation therapy inherent errors of repeated treatment set-ups compromise the dose to the clinical target volume and may increase damage to normal tissues. A combination of these two modalities may therefore maximize the advantages and minimize the disadvantages of each. The optimal distribution of the total radiation dose between brachytherapy and external beam irradiation is unknown, however.
There have been several investigations of combined treatment using different regimens (15) (16) (17) (18) (19) (20) . The total biological effect of the combined treatment is usually difficult to determine. A linear quadratic model is often used in an attempt to estimate the corresponding dose if the whole treatment had been given with a fractionation scheme with 2.0 Gy five times a week. It has recently been suggested that the α/β value for prostate cancer is much lower than those for other common tumors, in the range 1.2-2.5 (1-3). In theory, according to the linear quadratic model, this implies an increased sensitivity of the tumor to large doses per fraction. Recognizing the uncertainties in our current understanding of the α/β value for prostate cancer, however, toxicity rates and clinical and biochemical outcomes should be evaluated to validate each treatment protocol. Using the linear quadratic model and an assumed α/β value of 1.5 Gy for prostate cancer, the total dose in this study reached a value of 102.9 Gy. Assuming the α/β value of 3.0 Gy, the total dose for the rectum would be 76 Gy.
Ten patients (17%) noted temporary aggravation of their lower urinary tract obstructive symptoms. In this study, various degrees of rectal bleeding due to radiation proctitis were experienced in 13 patients (22%) at a median of 11 months. Two of these patients needed hospitalization to undergo laser cauterization of the rectal mucosa. Rectal bleeding subsided spontaneously in the others. Proctologic complications following conventional external radiation for prostate cancer have been reported to range from 6.6 to 14% (21) . Most studies using a combination of HDR brachytherapy and external beam radiation found the incidence of grade 2 or greater proctitis to be less frequent (1.9-11.4%) (15) (16) (17) (18) (19) (20) . Treatment plans exposing more than 40% of the anterior rectum to more than 75 Gy with conventional fractionation have been associated with an increase in the incidence of rectal bleeding (21) . This accounts in part for the higher incidence of rectal bleeding in this study. No patient has developed rectal bleeding since the introduction of conformal external beam irradiation in May 2000 (p < 0.01). However, it is too early to confirm the safety of this modality owing to the short follow-up.
The average time to complication has been reported as 12.8 months for gastrointestinal toxicity and 32.9 months for genitourinary toxicity after conformal or conventional radiation treatment (22) . Schultheiss et al. in their preliminary experience using 3D-CRT reported that acute gastrointestinal and genitourinary complications were found to correlate with development of the corresponding late complication (23) . Longer follow-up is needed to determine the true incidence of late toxicity for our treatment regimens.
We examined changes in health-related quality of life longitudinally following radiation therapy using separate selfadministered questionnaires. Our patients had a statistically significant decrease in five SF-36 domains during the first month of treatment. All recovered to the baseline level by 12 months. The sexual function domain as a whole did not show significant changes after irradiation. No differences in scores following radiation therapy were evident between those with and without endocrine therapy. Helgason et al. reported that 77% of patients noted a decrease in the quality of their erections within two years of radiation therapy for prostate cancer (24) . Only 50% of patients who were potent prior to therapy were potent following treatment. Most of our patients had reduced sexual function prior to therapy, precluding such detailed analysis. The preservation of sexual function scores after irradiation in this study is probably better accounted for by this finding rather than reflecting the less toxic nature of the treatment itself. Lower urinary tract symptoms assessed by IPSS/QOL scores worsened significantly during the first month of treatment and recovered to baseline levels at all later times.
Physician-assessed RTOG scores failed to detect these changes and thus appeared relatively insensitive. Such contradictory findings in assessing physical conditions by patients and physicians have been reported previously (25, 26) .
Our study is limited owing to the small number of patients and relatively short follow-up. The decrease in health-related quality of life and patient-assessed morbidity appeared substantial immediately after irradiation, but most measures returned to baseline shortly thereafter. The high incidence of rectal bleeding is alarming and needs longer follow-up. The interested patient may easily become frustrated as he struggles with the available literature and information during the process of deciding on treatment for his localized prostate cancer. Patients always need to be involved in the therapeutic decision, which should consider not only expected survival rate but also quality of life. Further study is essential.
